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by hRrp45 [PM/SCL-75; Mukherjee et 
al. (2002)]). These results suggest that 
structural features of RNA, which can 
vary widely, might influence the way 
in which the exosome associates with 
its substrates. Recent studies indi-
cate that an additional priming step 
promotes the recruitment of the exo-
some. The TRAMP complex (through 
its polyadenosine polymerase activ-
ity) is proposed to tag an RNA with 
a stretch of adenosines prior to exo-
some-mediated degradation in the 
nucleus (reviewed in Houseley et al. 
[2006]). The preferential hydrolysis of 
adenosine by Rrp6p and its nuclear 
localization are consistent with a role 
in the degradation of TRAMP complex-
tagged nuclear RNAs. In contrast, the 
cytoplasmic hExo9 and yExo10, which 
lack Rrp6, function less efficiently on 
poly(A) RNA, thus ensuring the integ-
rity and regulated deadenylation in the 
cytoplasm.
The structural elucidation and bio-
chemical reconstitution of the human 
core exosome complex is a remarkable 
feat that reveals the protein machinery 
that is at the heart of multiple RNA 
processes. Likewise, the recent coc-
rystal structure of the Rrp44p family 
member, RNase II (Frazao et al., 2006), 
may also provide insights into the cata-
lytic component of the yeast exosome. 
The reconstituted human exosome 
complex provides new opportunities 
to study the functional regulation of the 
exosome and may yield further insights 
into the role of noncatalytic subunits.
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In this issue, Cromie et al. (2006) reveal that different meiotic recombination mechanisms 
predominate in fission yeast and budding yeast. Budding yeast usually form crossover 
recombinants through double Holliday junctions, whereas fission yeast unexpectedly 
appear to form crossover recombinants through single junctions.Meiotic recombination creates physi-
cal connections, called chiasmata, 
between paired homologous chro-
mosomes. There are two major types 
of meiotic recombination events, 
crossovers in which flanking regions 
are exchanged, and noncrossovers 
in which flanking regions retain their 
original configuration. Only crossovers 
form chiasmata, which are required 
for reductional chromosome segrega-tion. Given that meiotic recombination 
is conserved across species, it was 
assumed that the dominant mecha-
nism of recombination would also be 
conserved. In this issue, Cromie et al. 
(2006) challenge this assumption.
The double-strand break repair 
model of recombination (Szostak et al., 
1983) proposed two new features com-
pared with earlier models: recombina-
tion is initiated by DNA double-strand Cell 127, Decebreaks, and such breaks are repaired 
by an intermediate containing two Hol-
liday junctions rather than one (Figure 
1A). Critical support for the two new 
features of the double-strand break 
repair model came from analysis of 
DNA recombination intermediates at a 
meiotic recombination hotspot (Schwa-
cha and Kleckner, 1995) Using 2D gel 
electrophoresis, Cromie et al. (2006) 
examined recombination intermediates mber 15, 2006 ©2006 Elsevier Inc. 1095
at the mbs1 locus, a strong 
double-strand break site in 
fission yeast. Most of the 
intermediates detected at 
mbs1 were single rather than 
double junctions (Figure 
1B). Electron microscopy of 
branched DNA also showed 
that single Holliday junctions 
predominate and that dou-
ble junctions are a minority 
species in fission yeast. The 
opposite was found in bud-
ding yeast; double Holliday 
junctions predominate and 
single junctions are relatively 
rare (Bell and Byers 1983, 
Cromie et al. 2006). Thus, 
the new work implies that 
budding and fission yeast 
use different mechanisms to 
carry out the bulk of crosso-
ver recombination.
Cromie et al. (2006) offer a 
model referred to here as “D 
loop nicking,” to account for 
how single Holliday junctions 
form as intermediates dur-
ing repair of double-strand 
breaks. The distinguishing 
feature of this new model, 
relative to the double-strand 
break repair model, involves 
the fate of one of the two 
DNA single strands from the 
recombining chromatid that 
does not suffer the initial 
double-strand break (com-
pare Figure 1A with 1B). 
The chromatid that suffers 
the double-strand break is 
called the “recipient,” and the initially 
unbroken partner is called the “donor.” 
These terms refer to the direction of 
transfer of genetic information dur-
ing gene conversion. In the canonical 
model, the two DNA single strands of 
the donor remain unbroken until the 
final step of Holliday junction cleavage. 
The D loop nicking model is identical 
to the canonical model except that the 
displaced donor single strand (D loop 
strand) is nicked before the capture of 
the second broken end of the recipient. 
Nicking allows the displaced single-
stranded DNA of the donor to anneal 
with the second DNA end without form-
ing a Holliday junction. A single Hol-
liday junction is then formed by repair 
synthesis and ligation. To account for 
an apparent paucity of double-strand 
breaks, the authors also entertain the 
possibility that some recombination 
events in fission yeast are initiated by 
single-strand nicks (Cromie et al., 2006 
and references therein).
In addition to suggesting that the 
major paths to crossover recombinants 
differ in budding and fission yeast, 2D 
gel experiments indicate that four times 
more Holliday junctions connect sister 
chromatids than connect homologous 
chromosomes at the mbs1 hotspot. 
This is in contrast to budding yeast, 
where Holliday junctions between 
homologs are most prev-
alent. The high level of 
recombination between 
sister chromatids in fission 
yeast is notable because 
only recombination between 
homologs promotes mei-
otic segregation. Budding 
yeast actively directs dou-
ble-strand break ends to 
interact with a homologous 
chromatid (Schwacha and 
Kleckner, 1997). Fission 
yeast might also actively 
direct ends to homologs, 
but do so less effectively 
than budding yeast, with 
failed attempts leading to 
intersister recombination. 
Alternatively, interhomolog 
events in fission yeast might 
result from a passive proc-
ess reflecting the relative 
probability of an end collid-
ing with a donor sequence 
on a homolog versus one on 
a sister. In either scenario, 
a minimum number of suc-
cessful interhomolog events 
is ensured by induction of 
many events. A similar argu-
ment was made to explain 
how this organism man-
ages to undergo high fidelity 
reductional division without 
controlling the distribution 
of crossovers. Rather than 
using crossover control to 
ensure each chromosome 
pair has at least one crosso-
ver, fission yeast induces 
10–20 crossovers per chromosome 
(references in Cromie et al., 2006). 
Astonishingly, the low ratio of interho-
molog to intersister Holliday junctions 
seen at the mbs1 locus suggests there 
could be on the order of 100 recombi-
nation events per pair of homologous 
chromosomes in fission yeast. Up to 
90% of these events may be intersister 
events or interhomolog noncrossovers 
and only 10% the interhomolog cross-
overs that form chiasmata.
Cromie et al. (2006) also provide key 
evidence that the fission yeast Mus81-
Eme1 protein is a bona fide eukaryotic 
Holliday junction resolving enzyme. 
Previously, Boddy et al. (2001) demon-
figure 1. Meiotic Recombination Pathways Mediated by 
Double-strand Breaks
Early stages of recombination include the following: formation of dou-
ble-strand breaks, nucleolytic resection of strands ending 5′ to yield 3′ 
single-stranded DNA ends, strand invasion by one of two ends to form 
a D loop, and extension of the 3′ invading end by DNA synthesis.
(A) Canonical double-strand break repair. Capture of the second end 
by annealing to the displaced strand of a D loop is followed by repair 
synthesis and ligation to form two Holliday junctions. Resolution of 
Holliday junctions forms crossover and noncrossover products. The 
two tracts of heteroduplex on either side of the double-strand break 
are shown to be of different lengths as suggested by measurement of 
coconversion (Jessop et al. 2005, Merker et al., 2003).
(B) D loop nicking. An extended D loop is nicked, releasing the dis-
placed strand on the donor. Annealing, repair synthesis, and ligation 
forms a single Holliday junction. The junction is then resolved.
(C) Synthesis-dependent strand annealing. The extended end is dis-
placed from the D loop and anneals with the second end of the re-
cipient. Repair synthesis and ligation completes a noncrossover. This 
mechanism is thought to be the major pathway to noncrossovers in 
budding yeast (Allers and Lichten 2001).1096 Cell 127, December 15, 2006 ©2006 Elsevier Inc.
strated that Mus81-Eme1 could cleave 
Holliday junctions in a purified system. 
Mutants lacking this enzyme had a 
profound meiotic crossover defect 
that could be rescued by expression 
of a bacterial Holliday junction cleaving 
enzyme. Cromie et al. (2006) now show 
that mus81 mutants accumulate Hol-
liday junctions. Combined with earlier 
observations in budding yeast (de los 
Santos et al., 2003), the fission yeast 
studies suggest that not only do the 
predominant DNA intermediates dif-
fer between species, but the enzymes 
most important for resolving those 
intermediates may differ as well.
Differences in the recombination 
mechanisms between fission and bud-
ding yeast argue against a reductionist 
approach to describing the mecha-
nism, even within a single organism. 
Indeed, a number of studies indicate 
that not all recombination occurs via 
the canonical double-strand break 
repair mechanism, even in budding 
yeast (Merker et al., 2003; Allers and 
Lichten, 2001 and references therein). 
Of particular note is work suggesting Type 1 diabetes in humans is an 
autoimmune disease in which T cells 
target pancreatic islets of Langer-
hans, leading to the progressive 
sensory neuro
system and Au
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The initial factors that trigger 
nonobese diabetic (NOD) mou
propose that a defect in a su
major role in initiating the chain
tion, and autoimmune diabetesthat most noncrossover recombinants 
form by a mechanism that does not 
include a Holliday junction intermediate 
(Figure 1C) (Allers and Lichten, 2001).
Thus, it appears that individual mei-
otic recombination events proceed via 
different mechanisms within an organ-
ism and that the prevalent mechanism 
can differ between organisms. What 
controls progression on one pathway 
versus another? Does pathway preva-
lence vary from one locus to the next, 
and, if so, why? Do different pathways 
contribute distinct biological or evolu-
tionary functions? Can distinguishing 
features of the various pathways give 
us clues about mechanisms of regu-
lation? For example, are double Hol-
liday junctions essential for crossover 
control? Answering these questions 
requires development of better assays 
for diagnostic features of each pathway 
at a given locus as well as examination 
of additional loci in each organism. 
Finally, the new study emphasizes the 
need to characterize recombination 
intermediates in beasts other than 
yeasts.Cell 127, Dece
destruction of the insulin-produc-
ing β cells. The nonobese diabetic 
(NOD) mouse spontaneously devel-
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